The most significant development in eighteenth-century England that relates to the present enquiry was the Agricultural Revolution. The resulting changes in farming practices impacted on crop production, the biological characteristics of domesticated animals and eventually on human eating habits. These warrant consideration in some detail, with emphasis on the changes in animal husbandry. In medieval times, as in many developing countries today, sheep and cattle grazed on communal grasslands left in their natural state. As the lands were held jointly there was very little attempt either to avoid overgrazing or to effect improvements, for example by appropriate drainage.' Cows were also allowed to roam untended in the forests, then much more extensive than now. Pigs were left to forage in the woods, feeding for the most part on acorns and beech masts. Deer roamed in the woodlands and subsisted on branches of trees and shrubs. Poultry scratched the ground in the farmyards, such as they were, subsisting on whatever seeds or scraps they could find.
The Agricultural Revolution Illustration 1: Cattle roaming on common land. Etching by P Potter, 1643. (Wellcome Library, London.) most other animals had to be killed in the autumn.4 The meat was then salted as no other methods of preservation were available. The supply of meat, even if considered edible when tainted, would rarely last until the spring, and the availability of milk in winter was very limited.
Improvements in agricultural practices in association with the enclosure movement had their beginnings late in the medieval period and continued at a very slow pace in Tudor times.5 The changes involved replacing widely separated strips of land by consolidated fields of equivalent area with each individual receiving an additional allotment equal to his share of the common and waste lands.6 The newly allocated fields were enclosed with walls or hedges and the owners had the right to farm their consolidated lands in accordance with their own personal wishes, resources and abilities.7 The enclosure movement continued piecemeal in the Stuart era8 but became dramatically more rapid during Georgian times when the need for unanimous agreement to the changes was circumvented by introduction of private bills submitted 4Ibid., p. 6. 'Prothero, op. cit., note 1 above, p. 65. 6Ibid., p. 18. 7Ibid., p. 19. to parliament. There were eight Enclosure Acts passed during the years 1724 to 1729 and thirty-nine during both the 1740s and 1750s,9 but a subsequent surge followed so that by the end of the century the total exceeded 2,000.10 The status of over five million acres was changed in this way, but the total acreage affected was considerably greater as much land was enclosed by mutual agreement and without recourse to sanction by Acts of Parliament."' Although often causing considerable and perhaps avoidable suffering to the small farmer, the overall effect on agricultural output was dramatic. The efficiency of the landholder or the farm labourer was increased because the new consolidated fields were far more compact than the old strips. Time was no longer spent walking between dispersed landholdings and the unused land that had formerly separated the many individual holdings was brought into cultivation. Protection of crops from uncontrolled grazing became possible. By separating the animals of individual farmers, enclosures had the potential for limiting the spread of epizootic diseases and providing an assured supply of manure. Long and secure leases or outright ownership provided motivation for improvement of the land, both for the raising of crops and for animal husbaindry.
During the early eighteenth century the pace of change was rapid. The nobility 9Ibid., pp. 380-2.
'°Frn O'Gorman, The long eighteenth century: British political and social history 1688-1832, London, Arnold, 1997, p. 122.
" Tbirsk, op. cit., note 8 above, p. 379.
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The Agricultural Revolution and gentry, although despising income earned through trade, were not averse to increasing the income from their estates and they were in the forefront when it came to developing new agricultural techniques. Viscount Townshend propagated a system of crop rotation that included clover, silage and root crops, notably turnips, thereby earning himself the sobriquet "Turnip Townshend".'2 As a result of his innovations, it was no longer necessary to leave fields fallow. Henceforth they could be cultivated every year. Rye and other "artificial" grasses were introduced, fields were manured intensively, marled regularly and overgrazing reduced. Iron ploughs and harrows were brought into use and Jethro Tull advanced the use of drills for sowing. As a result it was possible to cut deep furrows and implant seeds directly into the soil at predetermined intervals, thereby eliminating the wastage associated with the previous practice of broadcasting the seed.'3 Horses, notably Clydesdales, replaced oxen, and with their greater strength and speed they were more effective when pulling the newly developed implements.'4 Drainage systems were introduced and increasingly well maintained.'" While all of these changes resulted in greater productivity per acre, marginal and waste lands were brought into use and some of the forests cleared so that the area under cultivation in England increased by some two million acres between 1696 and 1797.
As a result of these changes, crushed rapeseed residues, cattle cake, oil cake, crushed oats, clover and cabbage became available as cattle feed, and sheep were given turnips, oil cake made from clover, vetches and mustard to supplement their grazing.'6 Deer were domesticated by being kept in parks, often under licence, and given supplemental feeds of grain. Hogs were fattened with brewers' grain, beans and pulses, and also from the increasingly available buttermilk and curds.'7 Poultry were kept in enclosed farmyards or coops and fed grain in regular and adequate amounts. The supply of animal feed became not only more assured but also more varied and plentiful. Its abundance, and the housing of cows in stalls and sheep in folds, meant that they could be kept in better health in summer and alive and well nourished over the winter. In consequence meat became available throughout the year. Manure produced in winter in stalls or folds could be used as a supplementary fertilizer for application to summer grazing lands.
The exemplars of improved farming practice were frequently prominent in society. The first three Hanoverian kings were greatly interested in agriculture, George III taking great delight in being known to his subjects as "Farmer George".'8 Animals were bred selectively to some extent by the early 1700s and this practice continued on an increasing scale as the century advanced, largely under the influence of Robert Bakewell. The enclosures had made it possible to hedge or fence pastures to which farm animals could be confined and this made selective breeding feasible for the first time. Bakewell's methods included crossing breeds with different characteristics and then selectively mating animals with qualities considered desirable, to the total exclusion of strains judged to be inferior.2' Selective breeding was motivated almost exclusively by the desire to increase the mature weight of cows, sheep and pigs and the speed with which this could be attained. These considerations took precedence over all others. "Size was the only criterion of merit".22 As horses replaced oxen at the plough, the need to strengthen cattle as draught animals diminished. Regard for appearance lessened and features such as colouring and horn structure ceased to be matters of concern. Hardihood when driven became less important as improved road surfaces made for easier movement (see pages 140-1). Often driven in early life from the Midlands and beyond to the vicinity of London, they were then fattened close to their place of ultimate slaughter by farmers who specialized in managing feed lots for this purpose. The untoward weight loss with lengthy road transfer before killing was thereby avoided.23 Docility became less important once animals were kept in enclosed fields in summer and in stalls in winter. When selectively breeding sheep, quality of fleece (Table IV .1).24 As there was no recorded tendency for the age at which lambs and calves were sold to change during this time, their greater weights at slaughter as the century progressed can be explained by a faster rate at which they could be fattened before reaching maturity.
The increasing weight of adult cattle sold at Smithfield was part of a general tendency for them to become heavier throughout England during the course of the eighteenth century. Records for its earlier years are rather scanty, but become more plentiful later, the changes being documented to a greater extent and county by county by interested individuals, notably Arthur Young, and later by a newly constituted, government-sponsored Board of Agriculture, of which he was one of the originators.25 James Thorold Rogers reported that at the beginning of the century the average weight of oxen was about 400 lbs after evisceration and removal of the head, the figure agreeing reasonably well with Gregory King's 1696 estimate of 370 lbs.26 By 1770, Arthur Young was reporting cows of 700 lbs and oxen of 1,120 to 1,400 lbs. Later he listed shorthorn and Devon cattle with weights ranging from 840 to 1,120 lbs and 1,400 lbs respectively. With all their limitations, the records appear to indicate a very substantial increase in the weight of cattle and sheep during this period. As drawings show (Illustrations 3-4), some of the increase in weight of cattle and sheep could be not only obvious, but even result in appearances that were grotesque. Even allowing for the possibility that exceptionally heavy animals were selected for their portraits, the result on paper reflects a degree of obesity previously unknown. On occasion the animals had difficulty walking because they were so heavy.
Some increase in bone and muscle mass does accompany greater obesity but a rise in the weight of cattle and sheep over only one or two generations meant relatively little increase in lean body mass. Anything more would have been dependent in large measure on genetic factors and would only have become manifest over a longer period of selective breeding. The increase that resulted from feeding in excess of energy requirements would have been predominantly fat, whether interspersed between muscle fibres or stored in depots. These effects of the changes in animal husbandry were demonstrated a century and a half ago in a remarkable investigation conducted by J B Lawes and J H Gilbert, with the help of some highly co-operative farmers. Numbers of mature heifers, bullocks, oxen, sheep, and pigs were separated into two groups. One of each group was slaughtered immediately; the other was fattened by then conventional practices and slaughtered at a later date when the weight eventually stabilized. Carcass weight, and as far as possible the dry weight of the members of each pair were obtained and the fat content estimated after a combination of mechanical expression, melting and extraction with ether. Among the animals kept for later slaughter, there was an average weight gain of between one-quarter and one-half of the weight at pairing (Table IV. 2). Fat accounted for about two-thirds of the weight increase. The control animals had been fed in accordance with changes already introduced during the Agricultural Revolution and they were therefore likely to have been heavier than their early eighteenth-century 28 In 1696 Gregory King reckoned that the cattle population of England was 4,500,000.38 There was a decline during the next eighty years to an estimated 3,500,000 in 1779, the reduction being largely a consequence of outbreaks of cattle plague during the second and fourth decades of the eighteenth century.39 Although the absolute number of cattle was less in 1779 than in 1696, the individual animals were much heavier and the proportion of the total that became available for human consumption in any one year became higher as they reached mature weight more quickly and horses were replacing oxen at the plough. As a result, the availability of meat was greater in the late eighteenth century than at the end of the seventeenth. In any case, the fall in numbers was only temporary. Towards the end of the eighteenth century the cattle population increased, the trend being reflected in consistently rising cattle sales at Smithfield after 1766 (Table IV. 3).4 Needless to say, the moneyed classes would not have been unduly affected by any passing shortfall in numbers even if this was reflected in higher prices of meat. The number of sheep in England rose fairly consistently during the eighteenth century. Gregory King reckoned their number to be 11 million in 1696.4' By 1770, Arthur Young's estimate was almost 29 million. 42 Gauging changes in the pig population has been difficult as production was highly localized, but their commercial importance grew with the price of pigs relative to cattle increasing considerably between the sixteenth and mid-eighteenth centuries. The Agricultural Revolution Poultry production rose by about 25 per cent in the first halfofthe eighteenth century.43 Egg production per bird became greater with better feeding and management. When compared to the present day, the overall increase in the amount of fat in poultry at the time of slaughter was all the greater because ducks and geese then formed a higher proportion of the poultry consumed than is now the case. Ducks tend to become fatter than chickens, as do geese as they instinctively eat to an unlimited extent whenever the opportunity arises, because of their need to build up reserves of energy for migration.
With controlled serving of cows, which come on heat about once a month, calving could be spread over the entire year and with assured and improved cattle nutrition milk yields increased and lactation after each calving could be prolonged by twenty to thirty days. As a result, milk became more plentiful and available throughout the year. In the late eighteenth century it was not uncommon for the middle and upper classes to keep a cow or two in a stall or field adjacent to their homes in order to ensure a continuous and abundant fresh milk supply for their households. Breeding of dairy cattle had as its main objective increase in the richness as well as the quantities ofthe milk produced. Specifically, Jersey and Guernsey cows were imported from the Channel Islands and bred in the south of England on an increasing scale. Guernsey cows were often crossed with Devon bulls, the offspring being particularly good milkers. Animals with poor milk yields were culled unhesitatingly. As a result of these changes early eighteenth-century annual milk yields of about 150 to 300 gallons per cow rose by the end of the century to 350 to 500, and even on occasion 600 gallons a year." Milk was used increasingly for large-scale commercial production of cheese, butter and cream, as these were easier to transport than liquid milk.
Variations Chapter IV unlikely that these preferences were any different 250 years ago. In the late eighteenth century, butchered carcasses were sold by weight with relatively little influence of other meat qualities on price. Dairy products and baked foods with a high animal fat content were similarly appreciated and in demand. Valuing foods for freedom from fat is a modem trend driven mainly by concern for health.
The production of ever greater amounts of animal produce was accompanied by an increasingly efficient distribution system. Coastal traffic, an ever more extensive canal network and better roads made transport of all commodities easier.48 Growth in importance of market towns further facilitated movement of produce from farmer to consumer. The financial instruments needed to back these movements were being developed at the same time. They included growing use of paper transactions and increasing availability of credit with the beginnings of a banking system.49 With all of these changes periods of food shortage became less frequent, less severe and more localized in their effects when they did occur.
It can be concluded that the eighteenth-century Agricultural Revolution in England resulted in better care and nutrition and an increase in the numbers and weights of farm animals, with a resulting greater and year-round availability of fatty meat, pure animal fat, eggs and increasingly creamy dairy products. The quantitative increase in production exceeded the rate of human population growth. As a consequence, the amount of meat and fat of animal origin available per person became very much greater and for both the upper and the growing middle classes they were usually readily affordable. The impact of these changes upon English everyday eighteenth-century eating habits and their potential cardiac consequences are discussed in the next chapter.
It has been noted earlier that angina pectoris appeared to have been uniquely a "British disease" for about half a century following its first recognition.50 As pointed out in the previous chapter, country to country demographic differences are insufficient to account alone for this singularity. Parenthetically, a genetic basis is also unlikely. The peoples of eighteenth-century England were akin to those of northern and western Europe, whence they had migrated in waves from prehistoric times onwards and the European population of the eastern American seaboard consisted very largely of migrants from Britain. The cases reported in the UK in the late eighteenth century were dispersed as far apart as London, Bath, the west country and Ulster.5' Any predisposing mutational changes are therefore highly improbable. In the next chapter reasons are given for concluding that of all the changes in Georgian England that contributed to the early emergence there of angina pectoris, the impact of the Agricultural Revolution on diet played the leading role. However, before examining in detail the differences between England and other countries with respect to agricultural practice at that time, it is necessary to review briefly one other reason that has been proposed. It was advanced by Samuel Black as early as 1819.
Having observed that angina pectoris was a complaint that had not been observed in France, he suggested that this was attributable to a protective effect of the red wine of which its inhabitants partook liberally.52 This belief has survived to the present day, but closer examination suggests that it is a very unlikely explanation. Firstly, the privileged English classes themselves drank large quantities of French wines during the late eighteenth century whilst claret, sherry and port, which are all basically variations of red wine, also enjoyed very great popularity among them. Secondly, there is recent evidence to suggest that any protective effect of alcohol is attributable to the alcohol itself irrespective of the type of drink and then only when consumed in moderation, hardly a characteristic of the eighteenth-century drinker (Table IV.4) ." Finally, it would not explain the then virtual absence of angina pectoris as a complaint in other countries where red wine was not the usual alcoholic drink. With rare exceptions, the changes accompanying the Agricultural Revolution in England and their consequences were delayed elsewhere for at least half a century. The social and political climate in the British North American colonies and in the subsequent United States were conducive to the development of farming societies that resembled English rather than Continental European patterns. However, agricultural commerce was hampered by trade barriers between the colonies of British North America and between the thirteen states during the years between the securing of independence and establishment of federal government in 1789. Inevitably too, disruptions to farming accompanied Indian raids, French incursions and the War of American Independence. Eighteenth-century settlement was confined to areas east of the Appalachians. The prairies, with their wide expanses suitable for raising cattle, were as yet unexplored. Machinery was not then available and land for agriculture had to be carved out of the forests by hand labour. Much of the farmland that Chapter IV became available was set aside for cash crops such as cotton and tobacco.54 Time was necessary for improvement of pastures by measures that included the planting of appropriate grasses and liberal manuring. Optimal feeding of large numbers of farm animals with a resulting increase in weight and fat content had to await the future opening up of the West.
In most of western and central Europe feudal patterns of land tenure survived until the early nineteenth century. Landowners rarely took any personal interest in either their properties or in the welfare of their tenants, both being viewed exclusively as sources of income. Concerns with day-to-day farming problems were considered beneath the dignity of the absentee seigneur. In pre-revolutionary France, in particular, the nobles "had little desire to manage their farms themselves as was done in England" and "considered seigneurial rights a more attractive source of income than agricultural improvement"." In most of mainland Europe the peasants who cultivated the land had the status of serfs in practice, if not formally and legally. Their obligations to the seigneur were onerous and numerous, their security of tenure minimal.56 Feudal bonds usually ended with the death of the peasant when the seigneur had the right to repossess the land and to choose a successor, who would in turn be bound to assume all the obligations and restrictions of serfdom.57 The inherent inefficiencies of strip farming were frequently compounded by the requirement that the individual peasant conform to communal farming patterns. As a consequence of all these factors, there was little incentive or possibility for any one peasant to improve either his land or his farming practices. An authoritarian system of government and a rigidly stratified and legally enforced structure of society contributed further to the stifling of any initiative that might have remained. Strip farming was the rule on the Continent until the end of the eighteenth century and even beyond.58 Rulers occasionally attempted to end serfdom, either under the influence of the Enlightenment or, less altruistically, in order to weaken the power of overmighty nobles. These endeavours were usually brought to naught by resistance on the part of the nobility, even when the French Revolution was followed by abolition of serfdom in France and in its European conquests. The lands formerly owned by the nobility were then confiscated but frequently bought back by "men of straw" who were acting as intermediaries for the former owners; there was little change in farming methods. In any case, the liberalizing tendencies were reversed to a large extent after Napoleon's final defeat at Waterloo and the restoration of the ancien regime.59
In comparison to England, the various support systems needed to facilitate changes in agricultural practice were much less developed on the Continent. During the period from 1754 to 1784, 81 per cent of yeoman farmers and 54 per cent of The Agricultural Revolution husbandmen were literate in England. The literacy rate of rural Europe was much lower. In 1800 the percentage of husbandmen who could sign their names was 62 in England, 47 in France and 40 in East Prussia.' In the eighteenth century reading was frequently taught well before writing, and the latter often confined to a signature. Ability to sign one's name was consequently a frequent marker of ability to read adequately.6' It was only those who could read who could benefit from the books and pamphlets describing the new agricultural practices. The banking system and other means of obtaining credit were relatively advanced in England, but on the Continent borrowing at other than usurious rates of interest was much more difficult. The backward state of Continental industrialization meant that many of the new agricultural implements which became available in England were simply not obtainable elsewhere, even in the unlikely event that knowledge of their existence and means for their purchase were available. Movement of farm produce was impeded by the condition of the roads, which were in much poorer state than in England. In contrast to England where there were no internal restrictions upon the freedom of movement of commerce, there were in France a variety of internal tariffs and protectionist barriers to trade that hampered movement of farm produce for sale in any but local markets. A similar situation existed in eighteenth-century Germany and Italy, but in aggravated form as both countries were fragmented into many small states.62 Lastly, the very frequent wars of the period were accompanied by considerable setbacks to farming as a result of both physical destruction and the depredations of armies. Seed grain was frequently seized, breed stock slaughtered and horses commandeered. -There were a few exceptions to the prevailing backward patterns, notably in the Netherlands where agriculture was relatively more advanced. However, that country was fought over repeatedly and its small size and high population density dictated an emphasis on growing cereals and vegetables for human consumption. Animal husbandry requires large areas of land for pasturing and these were simply not available.
In southern Europe, the Mediterranean climate had long determined the pattern of farming. In particular, the long dry summers and frequent droughts often affected crop yields adversely, hampered production of fodder and impoverished pasture lands, limiting the number of farm animals that could be grazed and the extent to which they could be fattened. As early as the Renaissance, travellers from northern Europe who visited Mediterranean countries commented on how lean the cattle and sheep were. Cattle at slaughter yielded a mere average of 148 
